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The problem: brittle-delamination-ductile
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How to make tungsten ductile?
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oxides?
• La2O3
(WL10)
• Y2O3
 NO!
insoluble 
metals?
• K (WVM)
 NO!
decrease 
of 
impurities?
 NO!
WRe (WIr) 
is ductile
• WTa
• WV
 NO!
mass 
production
• SPD
• mech. 
alloying
 NO!
• particle
• short fibre
• long fibre
• laminate
 pure W is the best W (in terms of ductility measured by Charpy)
How to improve tungsten?
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The tungsten foil project
10 mm
KLST type
3 x 4 x 27 mm3
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5mm5mm
10 mm
Tensile test properties: W 0.1 mm
texture:  (100) <110> 
preferred slip: (110) <111>
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Tensile test properties: W 0.1 mm
Mo foil, 0.1 mm, RT W foil, 0.1 mm, 600°C
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• anisotropic
• most ductility in 45°direction
• same material behavior in 0°and 90°direction
Tensile test properties: W 0.1 mm
W foil, 0.1 mm, RT W foil, 0.1 mm, 600°C
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• anisotropic
• most ductility in 45°direction
• different material behavior in 0°and 90°direction
0° 45° 90°
Tensile test properties: W 0.1 mm
texture:  (100) <110> 
preferred slip: <111>
W foil, 0.1 mm, grain size: 0.5 x 3 x 15 µm3
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Tensile test properties: W 0.1 mm
W foil, 0.1 mm, 600°C W plate, 1 mm, 600°C
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no necking
only 4 % total strain
extreme necking
12 % total strain
Charpy test sample: 3 x 4 x 27 mm3 (KLST)
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Which mechanism controls the bdt?
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Which mechanism controls the bdt?
∆HBDT = 1.05 ± 0.05 eV
Institute for Applied Materials, Campus Nord, KIT14 27.01.2012 J. Reiser, IAM-AWP, KIT
Ductilisation of Tungsten: Tungsten Laminate, Kyoto
Literature:
[1] A. Giannattasio, S. G. Roberts, Phil. Mag., 87, 2589 (2007).
Kink-pair formation process: Hkp = 1.11 eV
Edge dislocation mobility = 0.3 eV
 Dbt is controlled by screw dislocations
Charpy test results
L-S sample
600°C
L-T sample
Delamination
tensile test, W 0.1, RT, 0°
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Charpy test results
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Charpy test results
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